INTRODUCTION
============

Laparoscopic cholecystectomy was introduced three decades ago. Since then, it has been established as a gold standard treatment for symptomatic calculous cholecystitis. However, it is associated with three times the higher incidence of bile duct injuries when compared to open procedures.[@B1][@B2] Although the reported incidence remains less than 1%, still it causes a substantial burden to the health care system due to large number of cholecystectomies performed across the globe.[@B1][@B2][@B3][@B4]

Consequences of bile duct injury can be severe. Besides early complications, which can be life threatening, there is always a chance of delayed stricture formation. Despite having a good repair of biliary stricture, the patients have to be kept on long-term follow-up for the development of late complications.[@B5][@B6] In addition, these injuries lead on to economic burden to the society and are also responsible for high rates of medico-legal claims.[@B7][@B8]

There are many reports regarding the outcomes and management of biliary strictures[@B5][@B6][@B9] but there is a paucity of literature pertaining to the outcome of injuries in acute setting. The present report focuses on the spectrum and outcome of post cholecystectomy acute injuries.

MATERIALS AND METHODS
=====================

From July 2011 to December 2012, 42 consecutive patients with acute biliary injury following cholecystectomy were prospectively studied at Postgraduate Institute of Medical Education and Research, Chandigarh, a tertiary care center in north India. The study was approved by the Institute ethics committee (IRB number: 8723/PGI/2Trg/11/15057). Informed consent was taken from all patients prior to enrolment. Patients without biliary fistula who underwent early repair were excluded from this study. Attempt was made to find details of cholecystectomy as recorded in the written referral note or by telephonic conversation with the operating surgeon. Patients were evaluated with detailed clinical examination, with relevant biochemical, hematological and coagulation parameters.

Post cholecystectomy biliary fistula was defined as an abnormal leak of bile from biliary system occurring within 30 days of cholecystectomy. Controlled fistula was defined as efflux of bile outside the abdominal cavity through a drain, without getting collected inside without any evidence of sepsis. Persistent fistula was defined as a fistula persisting beyond 3 months after cholecystectomy without showing any decreasing trend. Closure of fistula was defined as when drain output was minimal and nonbilious without any identifiable intra-abdominal collection on imaging in the absence of sepsis.

Management protocol
-------------------

Patients were resuscitated with crystalloid and colloids as per the requirement. Empiric broad spectrum antibiotics were started. Abdominal ultrasonogram and Computed tomogram was done to establish collections. Note was made of the content of the abdominal drain (if placed previously) and management strategy was established accordingly ([Fig. 1](#F1){ref-type="fig"}, flow chart). Intra-abdominal collections were drained with image guidance or by re-operation as per the clinical need, so as to establish controlled fistula. Once the fistula was controlled HIDA scan was done to establish the bilio enteric continuity. Patients with bilio-enteric continuity were subjected to endoscopic therapy.

Patients were followed up and time taken for closure of fistula was noted. All patients were evaluated for the development of stricture and for definitive management. Injuries were classified as per Strasberg classification.[@B10] Definitive surgical repair was contemplated in patients with biliary stricture. All the patients with persistence of fistula beyond 3 months underwent definitive surgical repair as required. The patients were followed up with periodic clinical assessment and liver function test (LFT). Repeat imaging was carried out in case of recurrent cholangitis or deranged LFT. The last follow up was obtained till December 2017.

RESULTS
=======

The mean age of 42 patients was 41.88±14.56 (range: 13--86) years. The male to female ratio was 1:4.25. Forty-one underwent cholecystectomy at primary or secondary health care level prior to referral while one had cholecystectomy done at our institute. During this period a total of 162 cholecystectomies were performed, and we report an incidence of 0.61% of bile duct injury.

Scenario of cholecystectomy and referral
----------------------------------------

Laparoscopic cholecystectomy was performed in 20 (47.62%) (2 of them were converted to open), and the remaining 22 by open procedure. As per the operating surgeon, the Calot\'s anatomy could be clearly defined in 19 patients (45.24%) while 17 (40.48%) experienced hemorrhage during surgery which obscured the view and operative details could not be traced in the remaining six. At the end of the procedure, bile was seen in the operative field in 12 patients (33.33%). Out of these 12 (29%), four were referred immediately, while eight had a delayed referral. Cut section of the gallbladder on was reported to have severe chronic cholecystitis in 20, acutely inflamed in 8 patients, suspicious of malignancy in 1, gangrenous in 1 and not reported in 12 patients. Intraoperative drains were placed in 31 (73.81%).

Four patients had suspicion of the injury during cholecystectomy and were referred within 24 hours. The mean and median time of injury detection and referral was 4.32±2.33 (range: 0--17) and 3 days respectively.

Thirty-one patients were referred with abdominal drains, which showed bilious fluid in 26, bile and blood in 2, enteric content in 2 and blood in one. Out of 11 patients without drains, eight had multiple bile collections on abdominal imaging ([Fig. 2A](#F2){ref-type="fig"}) while three had bile discharge from the surgical wound of open cholecystectomy. Four (9.6%) of the patients had diffuse peritonitis and one had melena in addition.

Initial management
------------------

Controlled fistula was observed in 22 of the 31 patients with drain placed at index surgery, while 8 required image guided percutaneous drains (PCD) and one needed laparotomy. Of the 11 patients referred without drains, six needed image guided PCD and 5 required re-operation.

The drainage was bilious in 36 (86%), bile with blood in 1 (2.4%), only blood in 2 (4.8%), bile in drain with malena in 1 (2.4%) and enteric in 2 (4.8%) patients.

Nine (21.42%) l patients had organ failure at presentation. Six of them had more than one organ failure at admission. Cardiovascular system failure was seen in eight, respiratory failure in six and renal failure in four.

Six patients (12%) were re-operated. Five underwent re-laparotomy - two for enteric injury and two for hemorrhage and one for multiple intra-abdominal bile collections; and one was successfully managed with re-laparoscopy.

Management of enteric injuries
------------------------------

There were enteric injuries in two patients - one duodenal and another had colonic injury during cholecystectomy (injured while taking down the duodenum or colon using cautery current). Patient with duodenal injury had a 2-cm-sized perforation in the superior wall of the junction of the 1^st^ and the 2^nd^ parts. He was successfully managed with primary closure, decompressive duodenostomy and feeding jejunostomy. The one with colonic injury had 2.5-cm-sized perforation at the hepatic flexure with fecal peritonitis. He underwent right colectomy and terminal ileostomy, however, he died of multi-organ failure.

Management of hemorrhage
------------------------

Two patients presented with hemorrage and bile leak. One had melena and required 4 units of PRBC (packed red blood cell) transfusion. On CT angiogram, pseudoaneurysm of the replaced right hepatic ([Fig. 2B](#F2){ref-type="fig"}) artery was detected. This was not amenable to endotherapy and was managed with surgical bipolar ligation. This patient had concomitant cystic duct blow out which was successfully suture ligated at laparotomy. Another patient presenting with bile and blood from drain was managed with angio-embolization of the right hepatic artery and exteriorization of the biliary fistula.

Two patients had hemorrhage without any evidence of bile collection. One had trocar site bleeding and was operated upon. There was active bleeding from small bowel mesenteric tear (injury occurred while placement of the lumber placement) without any evidence of bowel ischemia. The patient was successfully managed with suture ligationa and closure of mesenteric defect. Another patient was found to have pseudoaneurysm arising from replaced right hepatic artery which was successfully managed with angio-embolization.

Endoscopic retrograde cholangiography (ERC)
-------------------------------------------

ERC was performed in 17 patients, 10 prior to referral and 7 after admission. Complete cut off of the lower bile duct was observed in 8 patients. Stent was placed in 7, while in 2 patients there was failure of cannulation. One patient developed post ERC mild pancreatitis. One had concomitant common bile duct stone on ERC which was successfully cleared. Fistula closed shortly after stent placement in 5 patients, while in 2 patients the fistula persisted for 26 and 30 days. Both the patients were found to have right sectoral duct injury.

Mortality
---------

Six (14.28%) patients died. Two of the operated patients died - one as a result of multi-organ failure following colonic injury and another due to postoperative myocardial infarction following lavage done for bile peritonitis. Four patients of biliary fistula who had two or more organ failure at admission died as a result multi-organ failure. On univariate and multivariate analysis, age more than 50 years (8.3% vs 50%, *p*=0.038; RR=6.00; CI=1.56--23.07) and presence of organ failure at admission (11.1% vs 83.3%, *p*=0.000; RR=7.5, CI=2.78--20.20) were the determinants of mortality ([Table 1](#T1){ref-type="table"}).

Fistula closure
---------------

At three months follow up fistula closed in 31 (86.11%) of 36 patients surviving the acute injury. The mean time for fistula closure was 41.22±12.3 days (range 15--90). Fistula closure occurred early in patients with partial injury than with complete injury (28.89±2.34 versus 55.12±4.89 day; *p*=0.002). All five patients (13.89%) with persistent fistula completed biliary transaction.

Sequelae of acute injury
------------------------

Of the 36 patients discharged, two patients refused for further follow up. Six (35%) of the 17 patients were found to have concomitant vascular injury on evaluation. Magnetic Resonance Cholangiopancreaticogram (MRCP) could be done in 34 patients. Patients with persistent fistula underwent evaluation by fistulogram in addition to MRCP ([Fig. 2C, D](#F2){ref-type="fig"}). Two patients with duodenal injury and mesenteric injury had normal cholangiogram. BDI as classified in 32 patients ([Table 2](#T2){ref-type="table"}) - Partial injury in 10 (31.25%) and complete stricture in 22 (68.75%). All the patients underwent successful bilio-enteric anastomosis (Roux-en-Y hepatico-jejunostomy) - 17 after the closure of fistula and 5 in the presence of active fistula. None of the patients with active fistula developed bile leak following definitive surgical repair. All patients made an uneventful recovery.

The median follow-up was 57 (40--77) months. Patient with duodenal injury developed incisional hernia which required surgical repair. Two patients died of unrelated cause in the follow up period. All the ten patients with type A, C and D injuries were asymptomatic and had normal LFT. Amongst the 17 patients who underwent repair without fistula - 14 were asymptomatic with normal LFT, two had deranged LFT without any clinical or radiological obstruction, one developed stricture at the hepatico-jejunostomy site and was managed with percutaneous balloon dilatation. Amongst the five patients who underwent repair in the presence of active fistula - three were asymptomatic with normal LFT while the other two had deranged LFT without any clinical or radiological obstruction.

DISCUSSION
==========

Ever since the introduction of laparoscopic cholecystectomy, there are many reports regarding increasing incidence of bile duct injuries associated with this procedure.[@B2][@B3][@B4] Many reports have described the mechanisms and safety measures to be observed during laparoscopic cholecystectomy to prevent this catastrophe.[@B11][@B12][@B13][@B14] Very few reports have discussed the occurrence of bile duct injuries occurring after open cholecystectomy, probably, due to the fewer number of open procedures being performed.[@B4][@B9][@B15][@B16] Open cholecystectomy is usually reserved as a salvage procedure. Contrary to this, in the present audit, we observed that bile duct injury after laparoscopic procedure being outnumbered by the open procedure. Although, the exact number of open or laparoscopic cholecystectomies was not known as ours is a tertiary referral hospital. There were only a small fraction of the patients who were converted to an open procedure.

More than half of the operative surgeons had a perception of clear dissection in the calot\'s triangle in both open and laparoscopic surgery. This means there was mis-identification of the bile duct as cystic duct, which has been postulated as the mechanism of injury both in open and laparoscopic surgeries.[@B12][@B13]

The exact incidence of enteric injury during cholecystectomy is unknown as it is being reported rarely. In a recent review reporting of complications after laparoscopic cholecystectomy, the entire emphasis was laid on bile duct injuries.[@B17] There is not even a single large series which has reported any enteric injury.[@B17] Enteric injuries have been reported as anecdotes.[@B18] We observed enteric injury in 2 (4.76%) patients. Duodenum and colon being in close proximity to gall bladder are prone to injury either during adhesiolysis or due to inadvertent diathermy trauma.[@B18] Detection of enteric injuries can be delayed as these are not suspected at index operation. Diathermy injuries usually have a delayed manifestation. Others have also reported delayed presentation of enteric injuries following cholecystectomy.[@B18]

The majority of fistula can be lateralized by image guided drainage, only a few will require operative drainage. In the present study, 12% patients needed operative management to control fistula. Others have reported the need for surgery in acute phase in \<5% cases.[@B5][@B15][@B16] Higher rate for surgical intervention was due to the delayed referral and the occurrence of enteric injuries as well. Delayed referral to a specialized center has been associated with increases the morbidity.[@B17] We did not observe higher mortality due to delayed referral.

A recent meta-analysis has condemned its routine usage of intra-abdominal drainage tube.[@B19] Most of the studies have failed to demonstrate the benefit of placing drainage tube routinely.[@B19][@B20] This is probably due to a very low incidence of complications. To demonstrate 20% benefit of drain, one needs at least 96 patients with bile duct injuries randomized to each group. If we assume 0.5% incidence of bile duct injuries, we can imagine a huge number of cholecystectomies required to produce so many injuries. However, the use of selective drainage tube placement is a good policy. In the present study, prior drain tube placement avoided the need for percutnaeous drainage in 71% (22 out of 31) patients.

There are many reports describing the association of vascular injury with biliary injury.[@B4][@B5][@B6][@B9][@B11][@B14] Late sequelae of associated vascular injury and its impact on long term biliary repair have been well described in literature.[@B4][@B5][@B11][@B14] However, except for a few reports of pseudoaneurysms of hepatic and cystic arteries, not much has been described in the setting of acute injury.[@B21][@B22] In the present study, 10% of patients presented with acute hemorrhage after cholecystectomy. Besides, vascular causes, we also observed hemorrhage from bowel mesentery arising as a result of trocar injury. Others have implicated antiplatelet drugs as an etiological factor for the occurrence of hemorrhage.[@B23]

We observed 14% mortality in acute bile duct injury. This mortality should directly be attributed to the consequence of cholecystectomy. However, others have reported mortality associated with cholecystectomy to be related to associated co-morbid conditions and fraility of the individual. Laparoscopic cholecystectomy in large series in elderly have been shown to be safe.[@B24][@B25] However, caution should be observed in every cholecystectomy as a potential to cause bile leak and its consequence.

Persistent fistula at the end of three months was seen in 14% patients. Others have reported a lower fistula rate.[@B26] Such presence of fistula carries its own morbidity in terms of fluid and bile loss. In addition, repairs in the presence of fistula are usually fraught with higher complications. A fistula which persists at 3 months is unlikely to close subsequently and waiting beyond this time will be futile. So definitive repairs should be undertaken at 3 months to limit the morbidity associated persistent fistula. We observed a comparable long-term outcome of the patients who were operated in the presence of active fistula. We have proposed the algorithm in the management of post cholecystectomy acute injury which encompass associated organ injury and vascular injury in addition to bile duct injury.

In conclusion, post cholecystectomy acute injury does not limit itself to bile duct or vascular injury but it can traumatize adjacent hollow viscus or mesentery. It is important to diagnose and intervene early in enteric injury. The presentation and management should be followed as per the proposed algorithm. Age more than 50 years and presence of organ failure were the predictors of mortality. Therefore, acute injury should be managed with a multi-disciplinary approach.

![Flow chart to show the management protocol.](ahbps-23-138-g001){#F1}

![(A) CT showing multiple bile collections after cholecystectomy. (B) Reconstructed CT image to show pseudoaneurysm arising form replaced right hepatic artery. (C) Contrast study done through drainage tube in patient with persistent fistula shows delineation of the biliary system. Note right posterior sectoral duct is not visualized on this image, which was later seen on MRI (D). This patient had type E5 injury.](ahbps-23-138-g002){#F2}

###### Predictors of mortality after cholecystectomy
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###### Showing the classification of Injuries according to Strasberg[@B10]
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^\*^Both patients had delayed fistula closure
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